Editorial
processing in congenitally and early blind subjects. In this issue of Brain, Sadato et al. (1998) present a broader view of their data, especially the role of the secondary somatosensory area (SII) in the context of Braille reading. The authors report activations in SII in sighted subjects, whereas the same region shows deactivations in the blind. Conversely, blind subjects show activation of occipital areas during tactile reading whereas in sighted subjects these areas are deactivated in a comparable tactile reading task.
This leads on to a crucial question first raised by electrophysiologists (Rosler et al., 1993) of whether occipital activations in blind subjects are necessary for Braille reading or represent an epiphenomenon. This issue has been subsequently addressed by an experiment using repetitive transcranial magnetic stimulation (rTMS) (Cohen et al., 1997a) . In this study rTMS was used to functionally 'lesion' different brain regions to isolate regions that are necessary for Braille reading in early blind subjects. Transient inactivation of the occipital cortex led to impairment of Braille reading and even to the perception of 'phantom dots'. Surprisingly, stimulation of somatosensory cortex contralateral to the reading hand did not interfere with reading abilities. This finding is in accord with results from the study by Sadato et al. (1998) showing that in blind subjects secondary somatosensory cortex is deactivated during Braille reading. The authors suggest that instead of SII, blind subjects activate a ventral occipital area that might be analogous to area TEO in the monkey. This is an interesting hypothesis because SII and this ventral occipital area share the functional property of shape discrimination, the former for tactile shapes and the latter for visual shapes.
Although speculative, the finding that rTMS over somatosensory regions does not disrupt Braille reading could point towards a different mechanism of cross-modal visuo-tactile reorganization. So far, it has been assumed that crossmodal plasticity, similar to within modality reorganization (Merzenich and Kaas, 1982) is based on corticocortical connections to reroute information. In the case of occipital cortex activations in blind subjects it is assumed that information reaches the cortex through the somatosensory thalamus and is then relayed through primary somatosensory cortices via parietal cortex to occipital cortex. A more parsimonious approach would be to postulate cross-modal reorganization at the thalamic level. Changes at the thalamic level have been observed in the congenitally blind mole rat. In this subterranean animal the somatosensory thalamus almost reaches the dorsolateral surface, mirroring the advantage of tactile over visual processing for a life in darkness (Rehkamper et al., 1994) .
Another important issue in the context of cross-modal plasticity is the time window in which such plastic changes can occur. This question has recently been addressed by Cohen et al. (1997b) studying blind subjects who lost their sight later in life (i.e. at age 15 years) than those reported in the study by Sadato et al. (1998) in this issue of Brain. Similar to their first experiments, Cohen et al. used PET and rTMS to investigate cross-modal reorganization. In accord with the notion that plastic changes are more likely to occur during early development, they could neither find activations in the occipital cortex with PET, nor disturb Braille reading by stimulation of the occipital cortex by rTMS in these subjects. This study highlighted that age of onset of blindness is a critical variable in cross-modal reorganization. However, there are other factors of similar importance. A previous PET study also on subjects who had lost their sight after puberty was reported by Büchel et al. (1998) . The subjects in this study had deteriorating vision early in life and were told that they would become completely blind, which led them to start learning Braille at the age of 5 years, when their eyesight still allowed them to read visually. In these subjects crossmodal reorganization of the occipital cortex was demonstrated, indicating that intensive tactile experience early in life might be another important factor for cross-modal reorganization. Moreover, these results imply the coexistence of visual and tactile processing in the occipital cortex before the onset of complete blindness. These results also have major implications for the future education of visually impaired children who are likely to develop complete blindness.
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